Introduction
We investigated dasatinib treatment as the cause of a major aggravation of ventricular arrhythmia in a 54-year-old patient on second-line treatment with tyrosine kinase inhibitor (TKI) for the management of chronic phase chronic myeloid leukemia (CML). There was a high index of suspicion of a causal relationship between dasatinib and ventricular arrhythmia, but also for a nephritic syndrome and rhabdomyolysis developed by the patient during TKI therapy. A 7-day interruption of dasatinib showed a return to the baseline of the ventricular arrhythmia on a 24 h electrocardiogram (ECG), which is consistent with an adverse drug reaction. Although ventricular arrhythmias induced by dasatinib are rare events, this case emphasizes the need for regular ECG controls during treatment with TKI, and physicians in charge of CML patients should be aware of such potential complications.
In patients with ventricular premature beats (VPBs) on a resting electrocardiogram (ECG), but with no apparent heart disease, data suggest an approximately three-fold higher risk of sudden cardiac death at 7-year follow-up with no association with non-sudden death [1, 2] . The prognostic significance and long-term mortality risk related to frequent VPBs remain a subject of debate [3] [4] [5] [6] . In rare cases, very frequent VPBs may cause left ventricular dysfunction (LVD). However, patients with a left ventricular ejection fraction (LVFE) <40% with more than 20,000 VPBs in 24 h exhibited a significant improvement of LVFE after receiving anti-arrythmic drugs [7] . Non-sustained ventricular tachycardia (NSVT) is a common, but poorly understood arrhythmia. In patients without structural heart disease, NSVT did not predict a risk of higher mortality [8] . So far, only QT (measure between Q wave and T wave in the heart's electrical cycle) prolongation and LVD, but not VPBs or NSTV, have been described in association with dasatinib treatment, a second-generation tyrosine kinase inhibitor (TKI) used for first-or second-line treatment of chronic myeloid leukemia (CML) [9] [10] [11] . We report a case of aggravation of VPBs and NSVT arrhythmia in a patient treated with dasatinib (Sprycel â , Bristol-Myers Squibb, Baar, Switzerland) for CML.
Case history
In January 2011, a 54-year-old man from Cape Verde was diagnosed with high risk, chronic phase, positive BCR-ABL (breakpoint cluster region-Abelson) (Sokal score 2.4; Hasford score 1571; Eutos score 100) CML. He was treated with frontline nilotinib (Tasigna â , Novartis, Basel, Switzerland), a second-generation TKI [12] . He exhibited a complete haematological response at 3 months, but demonstrated treatment failure at 6 months with a minimal cytogenetic response (persistence of 80% of Philadelphia chromosome-positive metaphases) and a relatively high BCR-ABL/ABL ratio of 65% on the International Scale [13] . Treatment was also complicated by grade 2 mucositis (erythema and small foci of ulceration), neutropenia, and grade 3 serum creatine kinase elevation (>5 9 upper limit of normal).
A mutation analysis showed a BCR-ABL resistant clone (Y253H) to nilotinib and he was immediately started on a dasatinib regimen (100 mg/day). The patient presented again a creatine kinase elevation with proximal limb myalgias accompanied by neutropenia. He developed also a nephritic syndrome with proteinuria (0.4 g/24 h). Clinical work-up consisted of a muscular (quadriceps femoris muscle) magnetic resonance imaging that revealed normal, a negative immunological screening for polymyositis, and a muscle biopsy compatible with drug-induced rhabdomyolysis based on the clinical history (biopsy was normal, apart from some muscular fibres in regrowth). In the absence of signs of severity, no renal biopsy was performed and it was suggested that the proteinuria was related to a drug-induced nephropathy. Since side-effects were mild to moderate, therapy with dasatinib was continued. However, the patient presented an aggravation (Fig 1) of previously known ventricular arrhythmias (bi-and trigeminy and ventricular doublets and triplets [Fig 2] ) on an anatomically healthy heart to frequent severe VBPs (44% of QRS [deflection on electrocardiography from the Q wave to the S wave representing the ventricular depolarization] complexes/day) and NSVT (4992 episodes/day) confirmed on a 24 h ECG. There was no family history of sudden death or personal history of symptomatic arrhythmia. Based on serum troponin, chemistry panel, and urinary toxic screening, no ischemic, electrolytic, or toxic cause could be identified. At that time, the patient did not receive any other relevant medication. Of note, before the initiation of dasatiib treatment and during the ventricular arrhythmia episodes, cardiac ultrasound was performed with normal values observed, including no valve or structural anomalies, and normal ventricular ejection fraction.
Dasatinib treatment was interrupted for 7 days to ensure total body clearance (elimination half-life of 3-5 h) [14] . A 24 h ECG (Fig 3) was then performed and showed a return to baseline values before the introduction of TKI and onset of ventricular excitability (17 episodes/ day of NSVT and 22% of QRS complexes with VPBs). Dasatinib treatment was restarted and associated with an anti-arrythmic regimen of metoprolol and flecainide. The patient presented proximal limb myalgias after the first dose. A 24 h ECG (Fig 4) was repeated and showed a return to a sinus rhythm without bi-or trigeminy and ventricular doublets and triplets, possibly due to metoprolol and flecainide therapy. The latter allowed to control temporarily the arrhythmia during dasatinib treatment until the patient proceeded to HLA (Human Leucocyte Antigen) identical sibling allogeneic hematopoietic stem cell transplantation 4 months after the start of dasatinib. Dasatinib treatment was interrupted before starting a reduced intensity conditioning regimen consisting of fludarabine, intravenous busulfan, and anti-thymoglobulin serum (Thymogobuline Genzyme â , Baar, Switzerland). At the time of transplant, a bone marrow examination showed a partial cytogenetic response with 25% Philadelphia-positive metaphases and the emergence of a new clone with trisomy 8 in the Philadelphia-negative metaphases, and a BCR-ABL/ABL ratio of 25%.
Following homograft, the patient showed a good clinical and paraclinical response. Dasatinib treatment was stopped and he has now been discharged from hospital.
Due to the observed response to dechallenge, the association of dasatinib to VPBs and NSVT arrhythmia was assessed as probable according to the World Health Organization Uppsala International Drug Monitoring Centre (WHO-UMC) system causality assessment [15] and the case was duly reported to the Swiss federal health authorities and the WHO-UMC.
Discussion
We describe a case of asymptomatic aggravation of VPBs and NSVT arrhythmia in a patient treated with dasatinib for CML. Dasatinib is a multityrosine kinase inhibitor active against BCR-ABL, kinases of the Src family (c-KIT, EPHA2, and platelet-derived growth factor [PDGF] receptor beta) with in vitro activity against imatinib-sensitive and resistant leukemic cell lines overexpressing BCR-ABL [16] .
Tyrosine kinase inhibitors inhibit TK in cancerous and non-cancerous cells and their action on the latter is responsible for their adverse effects. The most frequent non-haematologic adverse effects associated with TKIs are gastrointestinal disorders and rash [17] . Cardiac adverse effects are poorly described in the published literature [9] [10] [11] [18] [19] [20] . The general cardiotoxicity of TKI has been previously reviewed [17, 21] . Adverse effects range from asymptomatic subclinical abnormalities, such as electrocardiographic changes and LVEF decline, to life-threatening events, such as congestive heart failure and acute coronary syndromes. In an observational study with patients treated with sunitinib or sorafenib for metastatic renal cell carcinoma, approximately 40% of patients showed ECG changes, arrhythmia, conduction disturbances, and QT prolongation. Half of these patients were asymptomatic [22] .
Based on data from clinical studies and post-marketing experience, cardiac disorders are described as common (≥1/100 to <1/10) to uncommon (≥1/1000 to <1/100) for dasatinib [23] . TKI received approval on the basis of studies with relatively few patients, and no information is provided on the number of patients exposed to dasatinib, although the true frequency of cardiotoxicity could be under-recognized [21] . The United States Food and Drug Administration approval summary, which is based on safety data from 911 patients, reports two cases of patients with asymptomatic NSVT [24] . The database of the manufacturer of dasatinib records three cases of nonfatal arrhythmias, which appear to be poorly documented (unpublished data; information communicated by telephone to the authors by the manufacturer).
Of 2821 adverse drug reactions reported with dasatinib to the WHO-UMC, two other cases of ventricular tachycardia (VT) have been reported (data extracted 11 May 2012). However, the WHO-UMC database contains only spontaneous reports of adverse reactions from member countries, describing suspicions and observations of an unexpected or unwanted event, and these data cannot be used to calculate an incidence rate [25] .
The patient described here shows monomorphic VPBs and NSVT, right bundle branch delayed conduction, and a right axis of LV ejection chamber origin. The mechanism of these VT on a healthy heart could be related to late potentials fired during phase 4 of action potential [26, 27] . A rise in intracellular calcium and elevated circulating levels of catecholamines can promote the latter. Within the cell, the rise in cAMP (cyclic adenosine monophosphate) leads to an increase in intracellular calcium titer through the activation of protein-kinase A and the phosphorylation of the calcium channel. Any condition increasing cAMP has a pro-arrhythmic state. Thus, TKI therapy could lead to an increase in cAMP and exhibit pro-arrhythmic activity, although the mechanism remains unknown.
In summary, the available published literature suggests that TKI-associated cardiotoxicity may be a underestimated phenomenon. It seems that not all TKIs exert the same toxicity on the heart muscle, indicating that this is not a class toxic effect. However, the actual rates of cardiotoxicity are unknown as their detection is not included in most clinical trials. For this reason, it is difficult to know which TKI has minor cardiotoxicity. When comparing the clinical trials, it seems that dasatinib causes minor cardiotoxicity than others, but the present case emphasizes the need for closer rhythmic monitoring of patients treated with TKI for CML and we strongly recommend regular ECG controls. We recommend also that patients receiving TKI treatment should be aware about possible palpitations and dyspnoea and the need to inform their physician if these occur. Further clinical trials of TKIs including detection of cardiotoxicity are necessary to elucidate their potential to trigger this adverse event.
Consent
The patient has provided written consent for the case report to be published.
